In this paper, a novel, and computationally fast method was proposed to classify ventricular tachycardia (VT) and ventricular fibrillation (VF) by using histogram and average absolute deviation. To begin with, a time-domain method based histogram, was addressed to refine the general features that illustrate the density of amplitude distribution of a window length long ECG signal in successive numerical intervals of equal size. Besides, segments of monomorphic VT randomly collected from the MIT-BIH Malignant Arrhythmia subset are calculated by the histogram function for obtaining the reference histogram with different length. Histogram differences in case of monomorphic VT or VF calculated as features to generate a threshold for arrhythmias distinction. Then, an average absolute deviation algorithm is applied to obtain a deviation value that is compared to the threshold for monomorphic VT or VF classification. The novelty of this method is that ECG signal statistics, morphological analysis, the histogram of signal (density estimation) and average absolute deviation altogether have been used to achieve a higher classification rate. The test shows that the detection accuracy for monomorphic VT, and VF is approximate 100% for a test set of MIT-BIH database (98 monomorphic VT, and 128 VF). Compared with LZ (Lempel-Ziv) complexity measure based on time-domain analysis, the proposed method has high performance, low computational complexity, and will be able to well implement on ECG Tele-monitoring analysis systems.
Introduction
Cardiovascular disease (CVD) is the major threatening disease as well as one of the three leading causes of mortality in the world [1] . Along with related development of new generation mobile technologies, ECG Tele-monitoring analysis systems have become a developing trend, which allow patients to continue regular daily living while providing real-time diagnosis and keeping the Emergency Health Center updated on its users. ECG signal analysis takes a leading part in the ECG Tele-monitoring analysis system. One of the main focus of the ECG signal analysis is to analyze life-threatening cardiac arrhythmias, ventricular tachycardia (VT) and ventricular fibrillation (VF) that can be studied to understand the pathological changes and biological mechanisms of deadly CVD. The patients may need to be transported to the remote Emergency Health Center in less than an hour [2] when VTs precisely detected and classified. Thus, it is necessary to develop a reliable and rapid algorithm for VT and VF distinction in the ECG Telemonitoring analysis system.
Over the years, most researches have been dedicated to develop various algorithms of VT and VF distribution, such as frequency domain features [3] , wavelet transform [4] , sequential hypothesis testing [5, 6] , time-frequency analysis [7] , fuzzy neural network [8] , nonlinear dynamical modeling [9] , fuzzy similarity-based approximate entropy [10] . Some of algorithms can immensely improve the accuracy of detection and classification. However, these algorithms are difficultly implemented on remote intermediary application (e.g.. Personal Digital Assistant (PDA) , Smartphone, etc.) because of huge computation overhead, more resource consumption and less operation efficiency. Besides, some researches did not fully describe in detail the performance of the algorithm for arrhythmias classification they used [22] . Furthermore, among these algorithms mentioned above, some of the algorithms were tested against their own database rather than a standard public database [11] , making it difficult to compare and evaluate their performance. In addition, few algorithms have been used on a remote intermediary platform [12] .
In this study, we propose a novel method to classify monomorphic VT and VF based on a histogram and average absolute deviation, which is essentially different from the presented methods, since it is derived from the viewpoint of morphological features of cardiac arrhythmias. The novelty of this method is that signal statistics, morphological analysis, the histogram of signal (density estimation) and average absolute deviation altogether have been used to achieve a higher recognition rate. Compared with LZ (Lempel-Ziv) complexity measure [13] , the proposed method yields much better performance of arrhythmias classification to test on the MIT-BIH database [14] and is able to fit in with real-time implementation.
The remainder of the paper is organized as follows: Section II describes the material and methods. Section III shows the analysis and comparison. Finally, Section IV explains the conclusions.
Material and Methods

ECG Data Acquisition
The MIT-BIH database which is available at PhysioNet is adopted for both training and testing stages. This database offers a set of standard ECG records that are open to the public, which have been enormously helpful for developing and testing ECG analysis algorithms. In order to obtain robust results, window length was set from 2 seconds beginning. We selected 9 different windows to analyze the impart of the window length on this proposed algorithm. The VT has two types that include both monomorphic VT and polymorphic VT [15] . There are lots of difficulty to distinguish VT from VF, causing the main error in previous studies. For each selected segments in our study, 98 segments of monomorphic VT and 128 segments of VF taken out from the Malignant Arrhythmia subset of the MIT-BIH database are used for training and testing stages. As well, there are 90 segments of sinus rhythm (SR) in the training stage for feature analysis. The sampling rate of all segments were 200Hz.
Band-pass Filter
Currently, multiple filters are offered in ECG monitors. There are two common modes for the most devices, monitoring and diagnostic mode [16] . Since we mainly focused on the morphologies of the normal SR, monomorphic VT and VF, our system works in the monitoring mode which typically has a pass-band of 0.5-40Hz [16] . As it is indicated in [17, 18] , the frequency band of premature ventricular contraction (PVC) is below 12Hz, and SR has a wide frequency band around 20Hz. PVC could cause serious VT when exceeding two PVCs in a row [19] . We further narrow the range of the band-pass filter down to 0.6-22Hz, to maximize the energy of the signal that is of interest (SR, monomorphic VT and VF).
Feature Extraction
The purpose of feature extraction is to refine some special properties within the ECG signal that would be accurately detected and classify the life-threatening arrhythmias, VT and VF. In the ECG signal, each beat of monomorphic VT has fixed shape and looks the same with each other on an ECG record as shown in Fig.1(a) . In Fig.1(b) , polymorphic VT is irregular and has variable morphologies, which looks somewhere betwixt and between the monomorphic VT and the VF. As well, VF has been considered a sudden lethal arrhythmia of chaotic state in terms of morphology as shown in Fig.1(c) . Therefore, medical assistance is required immediately for VT and VF arrhythmias. If patients with VT or VF arrhythmias can be obtained timely treatment, their life-threatening arrhythmias can be converted to normal sinus rhythms (SRs). A time-domain approach was addressed to represent the morphologic features of ECG signal. According to the ECG signal morphologies, histogram method represents a visual feature of the distribution of ECG signal, which illustrates the density of amplitude distribution of a window length ECG signal in the adjacent numerical intervals of the same size. The histogram function is adopted to describe the statistical nature of monomorphic VT and VF with time series based on their periodic or chaotic characteristics. There is a general mathematical formula to indicate histogram analysis as follows:
where the function m i counts the numbers of data points that fall into each of the intervals. k is the total number of the intervals, and H is the total number of observed quantity. The size of the intervals directly affect interval width W to reveal the different visualizing impression of the histogram for a window length signal. Normally, the interval width W can be calculated as follows:
where the V max and V min are the maximum value and the minimum value among the amplitudes of a window length signal, respectively. The histogram function shows the amplitude distribution of a window length long ECG signal across a data range from maximum value to minimum value. The data range can be divided into a certain number of intervals (k). The reference histogram can be obtained by the histogram function. Meanwhile, we chose 60 intervals in order to create a efficient distribution of a window length long ECG signal as shown in Fig.2 . It can be seen that the VF displays an approximately Gaussian distribution in Fig.2(b) .
Average bsolute eviation
The average absolute deviation can be gained by the subtraction of the reference histogram from the histogram of current data with each interval. The average absolute deviation of the window length long ECG signal containing k intervals is defined as
where Rh n i is a reference histogram that describes a selected window length long monomorphic VT based on n data points (n = Sample Rate * W indow Length) and h i represents the histogram of analyzed window length long signal, i = 1, 2, 3, · · · , k. In other words, the method is utilized to calculate the deviation value of two different histograms in a given window length. Throughout the whole finite data, the deviation value D(n) is obtained from each training segment; and then those D(n)s are analyzed to get a threshold value, D(n) T distinguishing between monomorphic VT and VF. The signal is considered to be monomorphic VT if its D(n) is less than D(n) T , otherwise, it is classified as VF.
Analysis and Comparison
Statistical nalysis
The Student's t-test is used to analyze and reveal significance in the histogram approach for monomorphic VT and VF arrhythmias distinction. The independent t-test was performed because of the samples' characteristics in order to evaluate the research hypothesis that monomorphic VT of the first sample of independent variable has a exact difference average dependent variable than VF of the second sample of indepen- Table 1 , all the values corresponding to the two types arrhythmia groups are given. To see whether the difference between the average values is significant, the p value was considered statistically significant by looking up p-values in T-table [23] when the degrees of freedom is 4000. To say further, look down the column that corresponds to the chosen value for p (p < 0.5), and then find the row that corresponds to the degrees of freedom (4000), and where they meet, the critical value is found. The final thing to do is compare this value with the t-value. The calculated t-value is greater than or equal to this value, then t is significant and has been found a difference. The t-test provided a p value (0.307) less than the statistical significance level (0.5), so the difference can be considered statistically significant in this situation. We conclude that the arrhythmias classification based on the histogram can reveal the difference of monomorphic VT and VF. We can conclude that the difference between the means for the two groups is different (even given the variability).
D(n) Analysis
The D(n)s of 158 segments (45 segments of SR , 49 segments of Monomorphic VT, and 64 segments of VF) were obtained regarding different window lengths (W L = 2s, 3s, · · · , or10s.) for studying their influence on the classification results. Then, the average absolute deviation D(n)s for SR, Monomorphic VT, and VF are analyzed by statistical approach for training stage, and the corresponding probability density function (PDF) is described by histogram in Fig.3 . All of monomorphic VT D(n)s are very close with the reference histogram as shown in Fig.3 . Monomorphic VT and VF are clearly marked off in different window length. In other words, it is evident that the window length doesn't affect the distinction of monomorphic VT and VF, which means that the proposed algorithm can be used to availably classify as the monomorphic VT or VF based on ECG signal morphology. However, Fig.3 illustrates that there is overlap between the the distributions of VF and SR. This overlap issue can be solved by our previous study in [12] .
As to the statistical analysis above, we selected 49 monomorphic VT segments and 64 VF segments in different window length from the MIT-BIH database for the testing stage. The proposed method is applied and the results Table 3 . With different choices of the window length, it achieves fairly high performance. The best sensitivity is achieved at the 10 second window length. The results show a 97.96% sensitivity on monomorphic VT signal, 100% sensitivity on VF.
A D A
Comparative Analysis
The LZ (Lempel-Ziv) complexity measure [13] , including the the coarse-graining process and the LZ complexity analysis, has been adopted to separate the monomorphic VT and VF, presented by previous research [11, 22] . Zhang et al. [11] utilized a method based on Meanvalue to extract the original ECG signal for the coarsegraining process. For a fair comparison, the LZ complexity measure algorithm was implemented and tested with the same data of training and testing in our work. Table 4 shows the performance of the rate analysis. We can see clearly that the LZ complexity measure method approximately posses the same sensitivity for VT classification as the proposed method. However, the performance of VF distinction is lower under different window length. This problem is that the distribution of data need to be learned before using the coarse-graining process. Since several key parameters in this algorithm should be set according to the distribution, leading to a serious limitation in using this algorithm. An example is presented to illustrate the limitation of this algorithm as follows. Fig.4(a) . To begin with, the Mean value of the data points is 0.153. The Mean value is subtracted from every data point. The positive peak value V p and the negative value V n can be calculated separately as 153.847 and -261.153. Then, by counting the number of data points in these ranges (0.0 < x i < 10%V p and 10%V n < x i < 0.0), the number of data points are equal to 602, and 700 respectively. We can find that most of the original signals are evenly distributed on either side of the baseline. The threshold T d should be set to 0 regarding the distribution of the counting value and the Mean value. However, as to the given value 40% [11] , the threshold is selected as T d=30.7694 for this segment. On the basis of the selected T d, Fig.4(b) illustrates a poor refinement of the original signal. Since the baseline has an upward parallel translation of around 30.7694, most of the original signals are set as 0. Finally, the C(n) is equal to 0.137072, which is close to VT's C(n) value. This segment is divided into VT, making the original ECG signal to be transformed to a finite binary sequence in the wrong way. According to this segment's distribution, the given value of 40 % is changed to 70%, generating the threshold as T d=0. Finally, the C(n) value can be attained (0.307042), and separated as VF. Fig.4(c) shows a good result.
Conclusion
This paper presents a new algorithm based on time-domain, histogram and average absolute deviation, for monomorphic VT and VF distinction in ECG Tele-monitoring analysis system. Considering the computing capabilities of the intermediary platform, the proposed algorithm is simple and feasible in analyzing arrhythmias. The novelty of this method is that ECG signal statistics, morphological analysis, the histogram of signal (density estimation) and average absolute deviation altogether have been used to achieve a higher classification rate. The test shows that the detection accuracy for monomorphic VT, and VF is approaching 100% for a test set from MIT-BIH database (49 monomorphic VT, and 64 VF). According to the comparative analysis, the proposed method outperforms the LZ algorithm in terms of classification of monomorphic VT and VF.
